I examine some aspects of the interaction between the massive star Eta Carinae and its companion, in particular during the eclipse-like event, known as the spectroscopic event or the shell event. The spectroscopic event is thought to occur when near periastron passages the stellar companion induces much higher mass loss rate from the primary star, and/or enters into a much denser environment around the primary star. I find that enhanced mass loss rate during periastron passages, if it occurs, might explain the high eccentricity of the system. However, there is not yet a good model to explain the presumed enhanced mass loss rate during periastron passages. In the region where the winds from the two stars collide, a dense slow flow is formed, such that large dust grains may be formed. Unlike the case during the 19th century Great Eruption, the companion does not accrete mass during most of its orbital motion. However, near periastron passages short accretion episodes may occur, which may lead to pulsed ejection of two jets by the companion. The companion may ionize a non-negligible region in its surrounding, resembling the situation in symbiotic systems. I discuss the relation of some of these processes to other astrophysical objects, by that incorporating Eta Car to a large class of astrophysical bipolar nebulae.
Introduction
The similarity of the bipolar morphology of the Eta Carinae (η Car) nebula−the Homunculus− (e.g., Ishibashi et al. 2003; Smith et al. 2004b ) to bipolar nebulae observed in symbiotic nebulae (e.g., He 2-104 Corradi & Schwarz 1995; Corradi et al. 2001 ) and some planetary nebula (PN; e.g., NGC 3587 [PN G148.4+57.0] e.g., Guerrero et al. 2003) , hints at a common process for the formation of the bipolar structure. Symbiotic systems are interacting binary systems, as was the progenitor of the bipolar PN NGC 2346 (PN G 215.6+03.6) which has a central binary system with an orbital period of 16 days (Bond 2000) . This suggests that the binary companion to the primary of η Car is responsible for the bipolar structure of its nebula (Soker 2001b; Soker 2004a,b) . In these papers cited, I argue that the mechanism that most likely shaped the Homunculus, which was formed by the 20 years Great Eruption a century and a half ago (Davidson & Humphreys 1997) , was two jets (or a collimated fast wind; CFW) blown by the companion during the Great Eruption (Soker 2001b) . The companion accretes the ejected mass from the mass-losing primary star. I also attribute the present fast polar wind found by Smith et al. (2003a) to interaction with the binary companion (Soker 2003) .
In those papers I also discuss problems with some single-star models for the shaping of the wind and circumstellar matter of η Car (e.g., Langer, García-Segura, & Mac Low 1999; Maeder & Desjacques 2001; Dwarkadas & Owocki 2002; Smith et al. 2003a; Gonzalez et al. 2004; van Boekel et al. 2003) . For example, Stothers (1999) found that the rotation does not much affect the instability of luminous blue variables, a view strengthened by Soker (2004a) . In Soker (2004a) I discuss how the new finding of Smith et al. (2003b) of a more massive Homunculus further makes a single-star model for the formation of the bipolar nebulae of η Car unlikely. The binary model, of course, cannot account for all properties of η Car (Davidson , 2000 , and the evolution and structure of the mass-losing primary star provide an explanation for many properties of η Car. Such properties, i.e., evolutionary time scales and mass loss rate, should include stellar rotation as well (e.g., Heger & Langer 2000; Hirschi, Meynet, & Maeder 2004 ).
The binary nature of η Car is inferred from the so called spectroscopic event−the fading of high excitation lines (e.g., Damineli et al. 2000) . For more observational support for the presence of a binary and its properties see, e.g., Damineli (1996) , Damineli, Conti, & Lopes (1997) , Damineli et al. (2000) , , Corcoran et al. (2001a Corcoran et al. ( ,b, 2004b , Pittard & Corcoran (2002) , Duncan & White (2003 ), Fernandez Lajus et al. (2003 , and Smith et al. (2004a) . Since the spectroscopic event could be a result of mass-shell ejection by the primary star (Zanella, Wolf, & Stahl 1984; Smith et al. 2003a; Martin & Koppelman 2004) it is also called a shell event. The main motivation to assume a shell ejection is in a single star model; in the binary model the shell ejection is not necessary, although it may occur. The periodicity of the spectroscopic event is seen in many wave bands, from the IR (e.g., Whitelock et al. 2004) , to the X-ray (Corcoran et al. 2001a; Corcoran 2004; Corcoran et al. 2004a,b) . The presently observed orbital period is ∼ 5.5 yr (2023 ± 3 days as given by Whitelock et al. 2004) . For primary and companion masses of M 1 = 120M ⊙ and M 2 = 30M ⊙ , respectively, the semi major axis of the orbit is a = 16.6 AU (there is not yet agreement on all the binary parameters, e.g., Damineli et al. 2000; Corcoran et al. 2001a Corcoran et al. , 2004b Hillier et al. 2001; Pittard & Corcoran 2002; Smith et al. 2004a ).
The present study reports the possible effects of the stellar companion, mainly during the spectroscopic events, with the goal of comparing these effects with similar ones which could have occurred during the Great Eruption, and to strengthen the link between η Car and similar bipolar nebulae with binary central stars. There is not yet agreement on the role the companion plays. Smith et al. (2004a) begin their paper by raising the question of what role a companion plays. As in my previous papers, I attribute most, or even all, of the shaping of the nebula around η Car to the companion and its interaction with the primary mass losing star. The different sections of the paper discuss different processes and their relevance both to the spectroscopic events and to the wind shaping during the Great Eruption. I summarize in section (8).
MASS ACCRETION AND WINDS COLLISIONS
In two previous papers I studied accretion. In Soker (2001b) the accretion by the companion of mass lost by the primary during the Great Eruption was studied, while in Soker (2003) accretion of mass by the primary near apastron passages was studied. The main difference between the Great Eruption and the present flow structure of η Car is the strength of the primary's wind.
The argument goes as follows (Soker 2001b) : The Bondi-Hoyle accretion radius of the companion, for accretion from the primary's wind is
where v r is the relative velocity between the wind and the companion. As discussed in Soker (2001b) , v r = 500 km s −1 , is a reasonable value including both the wind and orbital velocities. The distance D 2 of the stagnation point of the colliding winds from the companion along the line between the stars, is given by equating the ram pressures of the two winds ρv 2 . For spherically symmetric winds
where r is the orbital separation, θ is the angular distance along the orbit (θ = 0 at periastron), and β ≡ [(Ṁ 2 v 2 )/(Ṁ 1 v 1 )] 1/2 . In the second equality I assumed β ≪ 1. The stagnation point should be compared with the accretion radius. For the present winds' parameters of η Car, with no periastron enhanced mass loss rate, taken from Corcoran et al. (2001a) , v 1 = 500 km s −1 ,Ṁ 1 = 10 −4 M ⊙ yr −1 , v 2 = 2000 km s −1 , andṀ 2 = 10 −5 M ⊙ yr −1 , I find β ≃ 0.63, and D 2 ∼ 0.6 AU. The accretion radius is smaller than D 2 , hence no continuing accretion takes place. During the Great Eruption, when mass loss rate was much higher, such that at periastron β ≃ 0.02, and D 2 < R a , accretion took place near periastron, and indeed along the entire orbit if the primary wind velocity was lower (Soker 2001b ).
If we consider a factor of 20 enhanced mass loss rate lasting 80 days after periastron (Corcoran et al. 2001 ; but see section 6), then β = 0.14 and D 2 ≃ 0.2 AU. The accretion radius is comparable to D 2 . Since the shocked material at and near the stagnation point slows down and cools fast (Soker 2003) , it is possible that part of it will be accreted by the companion during the ∼ 80 days of enhanced mass loss rate. If the enhanced mass loss rate is due to lifting of gas from the acceleration zone (section 6), then the primary equatorial wind will be very slow. A slow equatorial flow, v 100 km s −1 is observed indeed in the vicinity of η Car (Zethson et al. 1999 ). This will not change much the Bondi-Hoyle accretion radius near periastron because of the high orbital speed, and equation (1) applies. The distance D 2 will increase by a factor of ∼ 2 due to the lower speed, and the accretion radius will be somewhat smaller than the stagnation distance D 2 . Overall, I expect that accretion will not occur during most of the periastron passage, but sporadic accretion of very cold parcels of gas (and dust) from the wind collision region (see section 3) might occur.
If we consider a slow wind of v ∼ 100 km s −1 , then to obscure X-ray emission during the spectroscopic event, the mass loss rate not need increase by a factor of ∼ 20 as required in the X-ray model of Corcoran et al. (2001) . A modest increase of mass loss rate, by a factor of ∼ 3 − 5, is sufficient, and only in and near the equatorial plane where wind collision occurs. In that case, the wind interaction is more complicated, as the orbital speed is higher than the primary's wind speed, such that it changes the geometry. The stagnation point is still D 2 ∼ 0.2 AU, but its location is in front of the companion in its orbital motion, rather than facing the primary. The relative velocity between the companion and the wind is somewhat smaller, such that the Bondi-Hoyle accretion radius is somewhat larger. Sporadic accretion and disk formation may occur in this case as well.
As stated, the sporadic accretion during the spectroscopic event may lead to disk formation, and jets blown by the companion. The jets will be fast and collimated, and their momentum flux (momentum per unit time per unit area) larger than the momentum flux of both the primary's wind and the secondary's wind. Hence, the jets will expand to large distances and to the Homunculus. I would like to speculate that these jets could explain the high velocity component observed in the X-ray emission of the iron K-shell line at 6.4 kev (Corcoran et al. 2004a ).
DUST FORMATION IN WINDS COLLISION
After colliding with the secondary's wind, the wind gas of the primary star shocks to a temperature of ∼ 3 × 10 6 K (Corcoran et al. 2004b , and references therein). The cooling time from this temperature to a temperature of ∼ 10 4 K is much shorter than the flow time (Pittard & Corcoran 2002; Soker 2003) . The flow time is defined as
where v 1 is the primary's wind speed, and D 1 is the distance of the stagnation point from the primary star. However, because the cooling time is much shorter than the flow time, the post-shock gas is not accelerated much, and the flow time out of the colliding region is much longer. For an outflow speed equals the speed of sound at ∼ 10 4 K, the effective flow time is an order of magnitude longer τ f e ∼ 1 month. For the wind parameters used in the previous section the hydrogen number density of the pre-shock wind at distance D 1 from the primary is
Behind the shock wave the gas cools and it is compressed by the ram pressure of the wind to much higher densities. Equating the thermal pressure of gas at 10 4 K to the ram pressure of the wind, gives the density in the cool post-shock gas n p (10 4 K) ∼ 2×10 3 n Hw ∼ 4×10 13 cm −3 . Based on figure 11 of Woitke, Krüger & Sedlmayr (1996) , I find that the cooling time of gas in the density range n H ≃ 10 11 − 10 14 cm −1 from a temperature of 10 4 K to 10 3 K is 1 month. This implies that as the post-shock gas flows away from the stagnation point (in the stage where no accretion to the companion occurs), it has time to cool to dustforming temperatures. By then, the post-shock gas will be further compressed to densities of ∼ 10 14 − 10 15 cm −1 . These densities are much higher than in the gas where dust forms around AGB stars, resulting in more efficient formation of dust, e.g., large grain. Therefore, dust with properties different than the dust around AGB stars might be found in η Car environment, in particular after the system emerge from a spectroscopic event.
Large dust grains are found in the disk around the binary system HD 44179, with one component being a post-AGB star, which is located at the center of the Red Rectangle, a bipolar protoplanetary nebula. This binary system has an orbital period of T orb = 322 days, a semimajor axis of a sin i = 0.32 AU, and an eccentricity of e = 0.34 (Waelkens et al. 1996; Waters et al. 1998; Men'shchikov et al. 2002) . Large grains are also inferred in observations of other protoplanetary nebulae (e.g., Sahai, Sanchez Contreras, & Morris 2004) . It is commonly assumed that large dust grains are formed in a long-lived circumbinary disk around HD 22179 in the Red Rectangle (e.g., Jura & Kahane 1999) . In an earlier paper (Soker 2000b ) I suggested that large grains can be formed in a slow and dense outflow, hence a long lived disk is not necessary (this view was strengthened by Men'shchikov et al. 2002) . Men'shchikov et al. (2002) take for the grain-growth time to radius a g
This shows that millimeter size grains can indeed formed near periastron passages of η Car.
INCREASING ECCENTRICITY
The eccentricity e is reduced by tidal forces on a time scale called the circularization time and is defined as τ circ ≡ −e/ė. Therefore, either tidal circularization is weak, or the high eccentricity of η Car, e = 0.8 − 0.9, should be accounted for by a counter effect. In this section I study these effects in η Car.
In the common tidal model in use, the equilibrium tide mechanism (Zahn 1977; 1989) , the circularization time for evolved stars is derived by Verbunt & Phinney (1995) . Here I use the equation as given by Soker (2000a) , but change the scaling to fit η Car.
where L, R and M 1 are the luminosity, radius, and total mass of the primary star, M env is the primary's envelope mass, and f c ≃ 1 is a dimensionless function of the eccentricity. The envelope is assumed to be convective. If it is radiative, then the circularization time is longer. For a slow rotating star the function f c (e) is given by (Hut 1982) f c (e) ≃ (1 − e) 
where I moved a factor of (1−e) 8 from the usual definition of f (e) to the last term producing a more transparent equation, and when e = 0.9, f c = 0.17. This shows that tidal interaction will not reduce much the eccentricity, even for a more massive envelope, and even if during part of the time the primary's radius is larger than its present value.
On the other hand, the eccentricity may increase because of the interaction, via enhanced mass loss rate at periastron passages or via a circumbinary disk. The change in eccentricity due to an isotropic mass loss (the derivation is applicable for an axisymmetric mass loss as well) is given by (Eggleton 2005) 
where δM is the mass lost from the binary in the stellar wind at the orbital phase θ (hence δM < 0), M is the total mass of the binary system, and θ is the orbital angle, measured from periastron, of the position vector from the center of mass to the secondary. The derivation of equation (8) assumes that δM(θ) = δM(−θ). As in Soker (2000a) I assume that in addition to its constant mass loss rate over the orbital motionṀ w , the primary star loses an extra mass δM p in a short time during the periastron passage, cos θ = 1. The total mass being lost in one orbital period T orb , is ∆M o =Ṁ w T orb + δM p . I define the fraction of the mass being lost at periastron
Under the assumption that the fraction of mass lost at periastron passage β does not change during the evolution, the relation between initial and final eccentricity is (Soker 2000a) 1
where e i and M i are the initial eccentricity and total binary mass, respectively, and M is the final total mass. For example, if on average during the evolution, half of the mass was lost during periastron passages, i.e., β = 0.5, and the total system mass changed from M i = 180M ⊙ to a final (present) mass of M = 140M ⊙ , then (1 + e)/(1 + e i ) = 1.13. For example, when e i = 0.7, e = 0.9. This shows that an enhanced periastron mass loss rate, if occurring, can increase somewhat the eccentricity. In any case, equations (6) and (10) explain why the system eccentricity was not reduced substantially by tidal forces.
Mass transfer can also change eccentricity. The change in eccentricity due to a mass δM tran transferred from the primary to the secondary is given by (Eggleton 2005) 
Since enhanced mass transfer may occur during periastron passage, we see that the eccentricity will decrease if M 1 > M 2 , as is the case in η Car. Since for η Car M 1 ≫ M 2 , we find from equations (8) and (11) that in order for the eccentricity not to decrease, the secondary must not accrete more than a fraction of ∼ M 2 /2M 1 of the mass lost near periastron passages. During the Great Eruption, this situation may have been different because of the dense and somewhat slower wind (Soker 2001b) , and the companion accreted mass along its entire orbit. This tends to reduce the orbital separation, but does not change much the eccentricity.
As I mentioned in earlier papers (Soker 2003) , η Car is not unique. The most relevant system regarding this section is the binary system HD 44179 (period of T orb = 322 days, a semimajor axis of a sin i = 0.32 AU, and an eccentricity of e = 0.34; Men'shchikov et al. 2002) , which is located at the center of the Red Rectangle, a bipolar protoplanetary nebula (Cohen et al. 2004 ). In Soker (2000a) I argue that enhanced mass loss during periastron passages can account for the non-zero eccentricity of HD 44179. Waelkens et al. (1996) , Waters et al. (1998), and Men'shchikov et al. (2002) attribute the non-zero eccentricity to the presence of a disk around the binary system. In this "external disk" mechanism, tidal interaction between the binary system and the circumbinary disk enhances the eccentricity, as is the model to explain eccentricities in young stellar binaries (Artymowicz et al. 1991; Artymowicz & Lubow 1994) .
Whether the mechanism for enhancing the eccentricity is an enhanced mass loss rate during periastron passages, or the external disk mechanism, the mechanism appears to be the same in η Car and the Red Rectangle. The periastron mechanism implies that enhanced mass loss rate at periastron passage was a strong effect. The external disk mechanism implies that a relatively massive disk is present, or was present before the great eruption, close to the binary system of η Car.
The time required for the secondary to spiral in to the primary is τ in = τ circ /16. This is a long time in η Car, during which the orbital separation increases because of mass loss. Hence, I do not expect the secondary to enter the primary envelope, unless the primary's envelope substantially swells.
TIDAL SPIN UP
The synchronization time between orbital angular velocity and primary's spin angular velocity is τ syn ≃ (1 + M 2 /M 1 )(M 2 /M 1 ) −1 (I/M 1 R 2 )(R/a) 2 τ cir , where I is the primary's moment of inertia. For a crude estimate, I approximate the envelope density profile of η Car by ρ ∝ r −2 , as for stars on the upper AGB, where r is the radial distance from the star's center. For that density profile I = (2/9)M env R 2 . The scaled expression for the synchronization time reads 
when e = 0.9, f s (0.9) = 0.23. The short synchronization time implies that even without mass loss, which further slows down the envelope (Soker 2004a ), the primary star will reach synchronization with the orbital motion during secular evolution. Namely, the primary will spin with a period of ∼ 5 yr, which is ≪ 10% of its break-up angular speed. The mass loss from the primary star due to rotation is not expected to deviate much from spherical one (Soker 2004a) . It is the binary companion which is behind the slow, dense equatorial mass flow, and it is the companion that ejected the collimated fast wind (jets) which inflated the two lobes during the Great Eruption (Soker 2001b ).
ENHANCING MASS LOSS RATE
A suggestion that enhanced mass loss rate near periastron passages accounts for the spectroscopic event Corcoran et al. 2001 ) appears fundamental to some models as well as influencing some key issues in this paper. It is discussed in this section.
What is the mechanism by which the companion increases, if it does, the mass loss rate near periastron passages? Some works related to other astrophysical objects propose enhanced mass loss rate as a result of the presence of a companion. The effect is basically that the companion spins up the primary or rises a tidal bulge. A commonly used expression for the enhanced mass loss rate in binary systems iṡ
where M 1 , R 1 , and L 1 , are the mass-losing giant stellar mass, radius, and luminosity, respectively, R L is the radius of a sphere that has the same volume as the Roche lobe of the primary mass losing star, and A 1 , B L and γ are constants. Different values for B L and γ are quoted in the literature: Tout & Eggleton (1988) use B L = 10 4 , γ = 6, and if R g /R L > 0.5 then they set 0.5 for this ratio. Han et al. (1995) prefer B L ≃ 500 and γ = 6, while Han (1998) argue for B L ≃ 1000 and γ = 6. Frankowski & Tylenda (2001) argue for a more complicated expression, which basically has a very low value of B L and γ = 3; however, their numerical calculations yield a much faster increase in the mass loss rate as the giant is close to filling its Roche lobe.
The derivation of equation (14), which uses the Roche lobe radius, assumes that the mass losing star corotates with the orbital motion. This cannot be the case in a highly eccentric orbit such as in the case of η Car, where the orbital angular speed is much larger than the primary spin's angular velocity near periastron passages. Instead I take the point where the gravity forces of the two stars are equal. For an eccentricity of e = 0.9 and semimajor axis of a = 16.6 AU, at periastron passage r = 360R ⊙ , and the gravity of the two stars are equal at a distance from the primary's center of r 1 ∼ 240R ⊙ . The radius of η Car is R 1 ∼ 100R ⊙ , such that R 1 /r 1 ∼ 0.4. Replacing R 1 /R L by R 1 /r 1 in equation (14), gives the enhanced mass loss rate values of ∼ 40, 3, and 5, for the parameters of Tout & Eggleton (1988) , Han et al. (1995) , and Han (1998) , respectively. The prescription of Frankowski & Tylenda (2001) gives negligible enhanced mass loss rate. Frankowski & Tylenda (2001) try to find a mechanism to enhance the mass loss rate and find that it is not clear how the mechanism can substantially enhance the mass loss rate for R L 2R 1 . One possible way out of this problem is by using a mechanism that does not affect the stellar surface as much as it affects the region from which the wind is accelerated. This region in giants can be quite large, in particular if dust formation occurs. Shocks from stellar pulsation can enhance or trigger dust formation (Woitke, Goeres, & Sedlmayr 1996) . It might be, therefore, that the role of the companion in the case of η Car is to make dust formation favorable above the atmosphere of η Car, by enhancing gas density or inducing shocks. In the case of enhancing density, the relevant radius for the tidal interaction is not R tid = R 1 , but rather the radius where dust might form, which is R tid ∼ 1.5 − 2.5R 1 . Since the height of a tidal bulge is proportional to (R tid /r) 3 , where r is the orbital separation, an increase by a factor of ∼ 2 in R tid can make a huge difference. Is it possible that dust can form as close to the surface of a hot star as the primary star of η Car is (∼ 20, 000 K)? I note that dust formation occurs near the surface of hot R Coronae Borealis (RCB) stars. RCB are rare hydrogen-deficient carbon-rich supergiants which undergo very spectacular declines in brightness of up to 8 mag at irregular intervals as dust forms along the line of sight (Clayton 1996) . The hot RCB stars have an effective temperature of ∼ 18, 000 K, a luminosity of L ∼ 10 4 L ⊙ , hence a radius of R ≃ 10R ⊙ . Their surface temperature and gravity are similar to that of η Car, but they are carbon rich, facilitating a lot dust formation. In any case, hot RCB stars show that dust can be formed close to the surface of hot stars.
There is another difficulty. Even if the wind is slow, v 1 ∼ 100 km s −1 , the wind momentum flux to radiation momentum flux ratio for an enhanced mass loss rate of 2 × 10 −3 M ⊙ yr −1 , and luminosity of
That is, the momentum flux in the wind is quite high, and it is not easy to explain this high momentum by radiation pressure. As stated in Section 2, the enhanced mass loss rate for a slow wind might be larger by only a factor of ∼ 4, and near the equatorial plane. If the mass loss is spherical, then ζ < 1. In these circumstances, the supposition is that the enhanced mass loss rate occurs near the equatorial plane, where less radiation is available for mass ejection. Whitelock et al. (2004) argue that dust absorption has negligible role in the spectroscopic events, hence dust cannot absorb and scatter a large fraction of the radiation emitted by the primary star.
Considering the problems mentioned above, it is quite possible that the spectroscopic event is mainly a coverage of the region around the companion, as proposed by Whitelock et al. (2004) . As discussed in Section 2, large quantities of dust could be formed in the region near the companion, possibly engulfing the companion as it deflects the flow around itself, or even accreting mass. Most of the radiation from the primary star is not blocked, but some fraction of the radiation is blocked. To estimate the magnitude of these effects, in the next section the ionization of the gas by the companion is discussed. This section is summarized by emphasizing again that it is not clear whether substantial increase in the mass loss rate from the primary occurs near periastron passages, or whether the secondary enters a more or less static dense medium. If the mass loss does increase, there is a larger question regarding the mechanism behind the increased mass loss rate. This question is an important open question regarding other astrophysical objects, for example, the Red Rectangle.
IONIZATION BY THE COMPANION
The ionization of gas in the nebula of η Car was discussed in a previous paper (Soker 2001a) . In that paper I propose ionization shadows as an explanation for the formation of the long and narrow strings of η Carinae (see Weis, Duschl & Chu 1999) , and I show that the companion could play a significant role in the ionization of the strings' surroundings. The main ionization was attributed to the time the companion is away from periastron, which is most of the orbital period. Here I examine the situation near periastron.
The flow structure is very complicated near periastron passages, and 3D numerical simulations are required to find the shape of the ionized region. I therefore use a simple flow structure (as in Soker 2001a), wherein the primary's wind flows undisturbed around the companion, and I consider only the ionization of the primary wind, neglecting the companion wind. Although ideal, the derived expression gives a good indication of the main effect. Because of the complicated flow structure near the equatorial plane, I examine the ionization in the polar direction from the companion. Let r be the distance between the companion and the primary, and h the distance above the poles of the companion, i.e., perpendicular to the equatorial plane. The density of the primary's wind above the companion is ρ(
The total recombination rate, assuming spherical geometry for the sake of the calculation, along the direction h is given bẏ
where n i and n e is the ion and electron density, respectively, and α the recombination coefficient. Performing the integration from inner distance h 0 to the edge of the ionization front h i giveṡ
where H ≡ h/r.
To find the distance of the ionization front in units of the orbital separation H i , I assume that H 0 ≪ H i ≪ 1, which is correct near periastron when the companion enters a dense medium (see below). EquatingṄ to the ionizing photon luminosity of the companionṠ 2 , scaled as in Soker (2001a) , and using the approximation above, yields, after some manipulation
. (17) The numerical value in the last equation will not change if we take v 1 = 500 km s −1 (no slower wind near periastron), and at the same time increase the mass loss rate toṀ 1 = 10 −3 M ⊙ yr −1 .
Although the last equation was derived under strong simplifications and assumptions, it does provide an insight into the ionization zone. As long as the companion is away from periastron, and the wind parameters are the present ones, i.e., mass loss rate isṀ 1 ∼ 10 −4 M ⊙ yr −1 and v 1 ∼ 500 km s −1 , the ionization zone is large, h i r, and an accurate solution of equation (16) is required. If, however, near periastron the companion enters into a much higher density zone, caused by enhanced mass loss rate or slower velocity, then the ionization zone shrinks to a size h i ≪ r. This implies that the ionization zone could be hidden by dense primary's wind, in particular by the dense gas in the region where the two winds interact.
Finally, I note that a flow structure where a companion ionizes the primary's wind is not unique to η Car. For example, it occurs in symbiotic binary systems and some protoplanetary nebulae. In the protoplanetary nebula M2-9 there is a positional shift of bright knots in the inner nebular lobes on a period of 120 years (Doyle et al. 2000) . This side to side departure from axisymmetry is explained in terms of a revolving ionizing source, i.e., an ionization by one star in a binary system (Livio & Soker 2001) . Livio & Soker (2001) show that the interaction between the slow, AGB star's wind, and a collimated fast wind from the white dwarf companion clear a path for the ionizing radiation in one direction, while the radiation is attenuated in others. Similar flow and radiation structure (but not exactly identical in the geometry and winds parameters) was qualitatively applied to the side to side variation in the UV images before and after the spectroscopic event in η Car (Smith et al. 2004a) . In η Car the UV images are of the near UV, with energy below the hydrogen ionization threshold. This UV radiation can expand to larger distances than the ionizing radiation studied in this section.
SUMMARY
The main goal of this paper is to further explore the role of the binary companion in η Car, and by that to strengthen the link between η Car and other binary systems losing mass at high rates and having bipolar nebulae around them. A unified model for shaping bipolar nebulae (nebulae composed of two lobes with an equatorial waste between them) around mass losing stars has been emerge in recent years (Soker 2004b ). In this model (Morris 1987 (Morris , 1990 , the two opposite lobes are shaped by a binary companion accreting mass from the mass-losing primary, and then blowing two jets. The two jets then inflate the bubbles, as in many other astrophysical objects, such as clusters of galaxies (Soker 2004b and references therein) . Note that I refer here only to nebulae having two large lobes. Most elliptical planetary nebulae which have no large lobes, for example, were not shaped by this process. A second goal was to compare the present effects of certain processes with the effects of these processes during the Great Eruption of a century and a half ago.
The main finding of this paper can be summarized as follows.
1. As far as the binary interaction goes, the main question regarding the spectroscopic event is on the effect of the companion on the mass loss process near periastron pas-sages. Does the companion increase the mass loss rate from the primary? If it does, by how much? How does it change the geometry of the mass loss process, i.e., does the wind becomes slower near the equatorial plane? As discussed in Section (6), periastron enhanced mass loss rate was discussed in relation to other astrophysical objects, e.g., in the central binary system of the bipolar protoplanetary nebulae the Red Rectangle. However, if mass loss rate is indeed enhanced, a mechanism is yet to be identified for that to occur. A promising mechanism could be one in which the companion tidaly facilitates dust formation (Section 6).
2. One of the results of periastron enhanced mass loss rate is a departure from axisymmetry in the equatorial plane. In the first type of departure from axisymmetry, the mass loss rate near periastron and apastron causes a permanent differences between the two sides of the nebula. This is observed in η Car (Soker 2001b) , and in the inner region of the Red Rectangle (e.g., Tuthill et al. 2002; Miyata et al. 2004) , which is known to harbor a binary stellar system at its center. If the major axis of the eccentric orbit is perpendicular to our line of sight (Smith et al. 2004a) , then the observed departure in η Car is small.
3. There is another type of departure from axisymmetry, where there is a side to side variation as the two stars orbit the center of mass. This is observed in η Car in the UV (Smith et al. 2004a ) in a manner resembling that of the protoplanetary nebulae M2-9, where the orbital period is 120 years (Doyle et al. 2000) . The explanation for this side to side variation during the orbital motion is the opacity of the dense wind blown by the mass-losing star, which allows the radiation from the companion to propagate only in the other direction. This radiation comes from a hot white dwarf in M2-9 (Livio & Soker 2001) , and from an O star in η Car (e.g., Smith et al. 2004a ).
4. The winds from the two stars collide, and the post-shock primary's wind cools on a time scale much shorter than the flow time. Even without enhanced or slow wind, near periastron passages a dense, cold region is formed. Large dust grains, of the size of a millimeter size, could be formed there (Section 3). Large dust grains are observed in the Red Rectangle; the popular dust formation site there is a long-lived circumbinary disk, although a slow, dense flow as the site for large grain formation was suggested in the Red Rectangle as well.
5. If mass loss rate is indeed enhanced near periastron passages, or the wind is slower, the companion could sporadically accrete mass from the dense, cold region in the interaction region of the two winds (Section 2). Such accretion events may lead to the formation of an accretion disk around the companion, which could then blow two jets. The jets might expand to large distances, revealing themselves as fast velocity components. In Section (2) I speculate that these jets may be connected to the high velocity component observed in the X-ray emission of the iron K-shell line at 6.4 kev (Corcoran et al. 2004a) . I note that during the great eruption, the companion accreted mass along its entire orbit and probably blew the jets that shaped the Homunculus (Soker 2001b ).
6. Periastron enhanced mass loss rate increases eccentricity. If, during the evolution, an average mass fraction of β was lost near periastron passages, then the eccentricity was increased according to equation (10). In any case, tidal interaction did not much decrease the eccentricity (Section 4), and if the eccentricity was large initially, it remained so. High eccentricity, although not as high as in η Car, is found also in the bipolar nebula the Red Rectangle.
7. Because of short synchronization time (equation 12), the the primary spin period is 5 yr, meaning that its rotation speed is much below its break-up rotation. Hence, effects of its rotation on the axisymmetrical mass loss geometry are expected to be small (Soker 2004a) 8. During most of the orbit the companion is likely to ionize a large volume of the primary's wind (Soker 2001a ). This process of ionization by a companion occurs also in symbiotic binary systems. However, near periastron passages, if the η Car primary's wind is slow and/or mass loss rate is higher, the ionized region shrinks, such that it can be eclipsed, partially or fully, by the primary's dense wind (Section 7), as the X-ray emission is eclipsed (Corcoran et al. 2004b ).
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